Helminthosporium sigmoideum, which causes sclerotial disease of rice. Antibiotic 5102-II is a polypeptide useful for protection against leaf spot of corn (25) . Antibiotic 5102-Ill, whose structure is unknown, is useful for the control of cotton wilt caused by Fusarium oxysporum (15) . Conventional mutagenesis was used to isolate strain 10-22, with increased production of antibiotic 5102-I (27) . We are using molecular biological techniques to study the antibiotic production genes of S. hygroscopicus, but unfortunately this strain could not be transformed with commonly used Streptomyces plasmid vectors and was insensitive to derivatives of the Streptomyces phage 0C31 (16) , which is the only extensively used Streptomyces phage for gene cloning (2) , or phage R4 (4, 6a) . Here we describe the isolation of restriction-deficient, phage-sensitive, transformable mutant derivatives of S. hygroscopicus 10-22, integration of nonreplicating vectors by homologous recombination, and transposition of the Streptomyces transposon Tn4560 (6) 
MATERIALS AND METHODS
Strains, plasmids, phages, and transposon Tn4560 are described in Table 1 . General techniques for genetic manipulation and mutagenesis of Streptomyces strains were as described previously (7) . Protoplasting and transformation of S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] were done by the standard procedure (7) except that the mycelium was grown in tryptic soy broth (Oxoid CM129) for ca. 24 h at 30°C before protoplasting. YEME liquid medium with 10% sucrose, instead of the standard 34%, and incubation for 30 to 40 h also gave transformable protoplasts. HAUCM agar [10 g of soluble starch, 1 g of NaCl, 2 g of CaCO3, 2 g of (NH4)2S04, 1 g of K2HPO4, 2 g of MgSO4, 2 g of tryptone (Difco), 1 mg of FeSO4 7H20, 1 mg of MgCl2 -6H20, 1 mg of ZnSO4 * 7H20, 15 g of agar, 1 liter of H20] (28) was used as complex medium for general purposes. Plasmid isolation was by alkaline lysis, followed by sodium acetate precipitation and extraction of the samples with phenol and then phenol-chloroform (11) . Escherichia coli techniques were those of Sambrook et al. (20) . Pulsed-field gels were run as described previously (10) . Production of antibiotic II by S. hygroscopicus 10-22 was tested on soybean agar (10% soybean powder, 0.5% NaCl, 0.3% peptone, 0.3% CaC03, 1% sucrose, 2% agar [pH 7.2]), using agar plugs and Cochliobolus heterostrophus (Huazhong Agricultural University stock collection) as the indicator strain. Thiostrepton was a gift from S. Lucania, Squibb Institute for Medical Research, Princeton, N.J. Viomycin was a gift of Pfizer (United Kingdom).
RESULTS
Protoplast formation and regeneration, and transformation experiments. The starting strain was S. hygroscopicus 10-22, a mutant derivative of S. hygroscopicus subsp. yingchengensis 5102-6, selected after treatment with nitrous acid for increased production of antibiotic 5102-I (27) . Regeneration frequencies of 37% were achieved (measured by comparing microscopic protoplast counts with the numbers of colonies on regeneration medium). Samples typically contained about 10% nonpro- toplasted units that survived dilution in water and gave larger colonies on regeneration plates than did the osmotically sensitive protoplasts. Protoplast transformation attempts with the pIJlOl derivative pIJ702, the SCP2* derivative pIJ922, the SLP1 derivative pIJ61, the pSAM2 derivative pPM927, and the pJV1 derivative pWOR120, all isolated from S. lividans TK24 or TK64, failed to give thiostrepton-resistant S. hygroscopicus 10-22 transformants, even with several micrograms of pure plasmid DNA.
Isolation of strain Q105, a highly transformable mutant of S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . It seemed likely that an efficient restriction system prevented transformation of S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] with plasmid vectors and that its severity might depend on the strain from which the plasmid DNA was isolated. The pIJlOl derivative pIJ702 was isolated from S. lividans TK64 and S. fradiae ATCC 10745. Transformants (103 to 104/p,g) were obtained only with pIJ702 DNA from S. fradiae. This allowed a series of experiments to be carried out which ultimately led to the isolation of highly transformable host strains. These data are summarized in Fig. 1 .
Only about 1 in 1,000 of the transformants of strain 10-22 with pIJ702 was black (caused by the tyrosinase gene of the plasmid). The white colonies contained very little plasmid DNA, which was not visible on ethidium bromide-stained agarose gels, but the plasmid preparations could be used to transform S. lividans TK24. All of the resulting transformants produced melanin, indicating that the plasmid was still functional. The black S. hygroscopicus 10-22 transformants contained large (normal) amounts of plasmid DNA of the size of pIJ702, which transformed S. hygroscopicus 10-22 at a frequency of ca. 105/,ug of plasmid DNA, but again yielded about 1,000:1 white/black transformants. We supposed that the black colonies were host mutants rather than colonies containing variant plasmids. This was tested by curing pIJ702 from strain Q1, one of the black S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] transformants. One of the cured strains, Q105, was again transformed with pIJ702 from a black S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] ; black, colony produces melanin on medium containing tyrosine; white, no melanin production; unstable, 90 to 99% of all colonies after one generation on medium without thiostrepton were thiostrepton sensitive and white; stable, more than 90% of colonies were thiostrepton resistant and melanin producing after one spore generation.
antibiotic-producing derivative of S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] (Fig.  1) . Again, derivatives giving 100% black transformants could be isolated, which were then cured of pIJ702. One of these strains, Q303, maintained pIJ702 stably at high copy number (less than 10% plasmid loss after one spore generation without selection).
Is the increased transformation ability of Q105 and Q303 caused by loss of an indigenous plasmid? The occurrence of such a high frequency of transformable S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] seemed unlikely to be due to a typical point mutation. It turned out to be explicable by loss of a plasmid. Agarose gel electrophoresis of plasmid DNA from strain 10-22 revealed multiple bands. Two-dimensional electrophoresis (13) (Fig. 2, lanes A to C) . These strains presumably contained the recombinant plasmid integrated into the chromosome. (Some hybridization to chromosomal DNA was indeed apparent.) All Isolation of restriction-deficient derivatives of strain Q105.
Unlike its parent S. hygroscopicus 10-22, Q105 could be transformed at very low frequency with pIJ702 isolated from S. lividans TK24. Nine thiostrepton-resistant transformants were obtained and cured of the plasmid DNA by nonselective growth. One of these cured strains, Q1510 (Fig. 1) , seemed to give a slightly increased transformation frequency with pIJ702
isolated from S. lividans TK24.
Spores from strain Q1510 were treated with N-methyl-N'-nitro-N-nitrosoguanidine (NTG), and 6 of 2,400 survivors (KMP5 is an example; Fig. 1 (6, 21) . pUC1169 is a derivative of pIJ702 (thiostrepton resistant) with temperature-sensitive replication and containing Tn4560 (carrying a viomycin resistance determinant [6] ). Strain Q105 was transformed with pUC1169 isolated from the same strain. Confluent thiostrepton-resistant growth was obtained. Spores were harvested and plated on minimal medium (MM) containing viomycin for single colonies. After 4 days on HAUCM medium or 7 days on MM at 39°C (the nonpermissive temperature for plasmid replication), the plates were replica plated to MM-thiostrepton and MM-viomycin. Eighteen of the resulting viomycin-resistant and thiostrepton-sensitive colonies were selected for Southern blot analysis using as the probe pIJ4705 (pUC1 169 cloned into an E. coli vector for easy DNA isolation without contamination of Streptomyces DNA). The total DNA samples in Fig. 3 were digested with PvuII. All 18 samples showed three characteristic bands of 0.6, 2.1, and 2. probably resulting from the same transposition event because the procedure did not guard against multiple isolation of clonal strains; nevertheless, at least six different banding patterns can be distinguished in Fig. 3 , suggesting that at least the same number of independent transposition events had occurred.
DISCUSSION
The mutant strains and data presented here make it possible to attempt the cloning and molecular genetic analysis of the biosynthetic genes for three useful antifungal substances, using plasmid and phage vectors and gene disruption by homologous recombination or transposon insertion. Some of the genes for the biosynthesis of the antibiotics 5102-I and 5102-II have tentatively been identified by using heterologous probing and gene disruption (6b) .
It turned out that S. hygroscopicus 10-22, itself a highantibiotic-producing variant of the original wild-type strain 5102-6, was recalcitrant to the introduction of plasmid and phage DNA from other strains for at least three reasons: a restriction system acting on DNA isolated from S. lividans 66 or E. coli (but allowing a low frequency of transformation with use of plasmid DNA from S. fradiae ATCC 10745); a gene of unknown function and location that limits the copy number of pIJ702 and prevents melanin formation; and an endogenous, presumably chromosomally integrated plasmid (pHZ5) that is incompatible with pIJlOl derivatives. Each of these barriers could be eliminated by spontaneous mutation, NTG-induced mutagenesis, or plasmid loss. Several useful strains resulted (Fig. 1) . Of two strains that stably maintain pIJ702, Q1513 still produces all three S. hygroscopicus [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 
